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Abstract
The Shane 3 meter telescope was recollimated in August 1998 to remove aberrations that were perceived to affect image quality in good seeing conditions. The Lick Adaptive Optics system is capable, indirectly, of measuring the static aberrations introduced by the telescope primary and secondary mirror pair. Since A0 runs were scheduled both before and after the collimation, this allowed a comparison of the pre and post collimation telescope aberrations. The absolute calibration of the wavefront measurement is complicated by the indirect measurement technique, which uses the shape of the deformable mirror in its closed-loop corrected position as an indicator of telescope wavefront. The shape of the deformable mirror is not measured directly, but is inferred from the voltages applied to its piezoelectric actuators. The actuators are known to have temperature-dependent hysteresis and is thus a source of error in this technique. In November, an interferometer was added to the A0 system which will allow more direct measurements of corrected wavefront in future tests. Data from six measurements in July (pre-collimation) and nine measurements in September and November (post-collimation) were analyzed. The resulting phase maps show a slight difference in the wavefront with some improvement in the coma and spherical zernike terms but essentially no change (except for rotation) in astigmatism and some degradation in tricoma.
Measurements performed
The Lick A0 system allows measurement of the static component of wavefront in the following manner. Prior to the evening's observations, the A0 system is calibrated using in internal point source (which is, physically, the end of a fiber optic whose mode field diameter is smaller than the diffraction-limit of the optics that follow) at HeNe wavelength. The point source is located at the Shane Telescope cassegrain focal point and feeds into the A0 system. The image of the source at the A0 "scoring" camera is made diffraction limited by adjusting the degrees of freedom of the deformable mirror. This adjustment takes up any aberrations introduced by the A0 system itself and the resulting shape of the deformable mirror defines the reference zero-point for the wavefront phase. The static voltage commands that hold this mirror shape are recorded.
When the telescope is pointed to a star and the A0 system turned on, the deformable mirror takes on another shape, which is time-varying due to the turbulent atmospheric component of phase, but also has a static component that is indicative of the fixed aberrations introduced by the primary-secondary. The voltages used to hold this mirror shape (averaged over several atmospheric turnover times) is recorded.
These measurements were taken during the A0 runs in July, September, and November, 1998. The datasets used are summarized in Table 1 .
Since the data recorded consists of a set of 61 mirror actuator voltages, it is necessary to independently measure the mirror displacement as a function of voltage on individual actuators. With the introduction of the Phase Shifting Diffraction Interferometer (PSDI) on to the A0 system in November, 1998, we were able to measure phase directly, and repeated earlier calibration measurements that were done using the phase diversity method. The result is that the actuators respond with approximately 300 nm peak wavefront phase per Volt (150 nm mirror displacement) in a roughly Gaussian shapped influence function. The actuator gain constant varies as much as lo-15% with temperature, and is also subject to considerable hysteresis, particularly in cold weather. Figure 1 shows the difference between PSDI measurements of phase before and after pushing deformable mirror actuator number 15. The peak is 300 nm. Visible in the image are fringes due to internal reflections in the PSDI and shadows of the spiders in the A0 pupil mask.
